We study designs in the binary a ne space invariant under the a ne group in its 3-transitive action. The main result is a family 7?(2 n ; 8; 45); n 6 of non-simple designs.
Introduction
Consider the a ne group G = E L over the eld with two elements, in its 3-transitive action on the 2 n points of the underlying vector space V = IF n 2 : Here E is an elementary abelian group of order 2 n and L is the n-dimensional general linear group GL n (2): The elements of E have the form w ; where w 2 V and act as translations on V :
We see that L is the stabilizer in G of the vector 0. As GL n (2) is doubly transitive on the nonzero vectors of the vector space V; it follows that G acts triply transitively. It was Alltop 1] who rst used this group to construct t-designs with t > 3: As G is 3-transitive it is clear that for every cardinality k every orbit of G on k-subsets of V is a 3-design. Alltop uses single orbits. He proves that such an orbit is a 5-design if and only if it is a 4-design and produces an explicit example of a 5-design with k = 24 in case n = 8: 2 Orbits and invariants Let fv 1 ; v 2 ; : : : ; v n g be a basis of the vector space V and v = 2 n : Lemma 1. Let 
The a ne span is a subspace of the binary vector space V: We de ne the dimension of B by dim(B) = dim(hBi):
It is in fact obvious that hBi is closed under addition. Also hB+ui = hBi: We can therefore assume 0 2 B: In that case hBi is the subspace of V generated by B: The dimension is constant on orbits. We de ne two more invariants. These will su ce to characterize all orbits of subsets with at most 8 elements.
De nition 2. Let B V: Denote by (B) the number of 4-subsets of sum 0, which are contained in B; and by (B) the number of 6-subsets with sum 0 contained in B:
It follows from Lemma 1 that and are constant on orbits.
3 Description of orbits
Observe that the orbits of subsets B to be described in the sequel are present only when n dim( Again, the lengths of the orbits add up to the right number v 6 : It follows that G has precisely four orbits on 6-subsets.
De nition 3. The (t; k)? incidence matrix is the matrix whose rows are indexed by the orbits on t?sets, columns indexed by the orbits on k-sets, where the entries denote, for a xed t-set T from that orbit, in how many k?sets of the given orbit T is contained.
Here is the (5; 6)?incidence matrix. We see that we may use the blocks of S 4 and those of S 2 ; where the latter are to be used with multiplicity 3, and get a design with parameters 5 ? (2 n ; 6; 3): Theorem 1. Choose as blocks the 6-sets with sum 0, each with multiplicity 3, and the 6-sets of dimension 3.
This de nes a design 5 ? (2 n Sets from X 2 consist of a V 2 -set and three independent elements. Sets from X 3 are obtained by adding an independent point to a set from S 2 :
The unions of two sets from V 2 intersecting in precisely one point yield orbit X 4 : Sets from X 5 arise by adjoining an independent point to a set from S 4 : Finally, sets X 6 arise by deleting a point from a 3-dimensional subspace. These descriptions yield the formulae for the lengths of the orbits, as follows: name orbit length X 1 p 5 =7! X 2 p 4 =(6 24) X 3 p 4 =6! X 4 p 3 =72 X 5 p 3 =48 X 6 p 2 =(7 24)
The orbit lengths sum to v 7 : This shows that we have described all orbits on 7-sets. Here is a list of some orbits of G on 8-subsets. We give names, representatives and the values of the basic parameters. Here is the (6; 8)-incidence matrix: We concentrate on case n = 5: Use orbits A 5 and A 7 ; each with multiplicity 1, as well as orbit A 10 with multiplicity 8, A 12 with multiplicity 64. This yields a design 6 ? (32; 8; 160) Here is the table giving the number of 7-sets contained in a given 8-set: 
